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(57) iwrni 

mm: v~i'mmt:Wt^^^^. ij^^mmm^mm^ 

N. T i . W, WN. Pt. I r, RutfO^Mtt<{4 

0, ®«i|!eigl!S2(i, J!I^«JS:R (At omi c La 
yer Deposition: iHT. ALDi:V>-3 ) 
^tCiOJg^LJtZrOj , HfOz , (Zr, . Hf 
I., ) O2 (0<x<l) . (Zry . Tii.y ) O2 
(0<y<l). (Hf, . Ti,-, ) Oj (0<z< 
1) S>i>V^{i (Z Tk . Til , Hf. ) (0< 
k, 1 . m<l*»Ok+ H-m=l) 0:i!'-^r<i: t 10 
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im^m 1 ] Z r Oj . H f O2 , ( Z r, . H 
fi-, ) O2 (0<x<l) , (Zr, . Ti,.y ) O 
2 (0<y<l) . (Hf, . Til-, ) 02 <0<z 
<1 ) Sb^VMi (Zrk . Til . Hf„ ) O2 (0< 
k. 1 . in<l*>Ok:+ 1 +m=l ) <?5ii'^^:<i:t 10 

ii^(>Miiixhttm^^msmmt vtzu i m (Me t a 

1-Insulator -Metal) «|Jt<^?g»S:^r 

[i»*3S2] msimm<7)^M.timmm'Fm&Mm (a 

tomic Layer D e p o s i t i o n ) J: 

mm. 

[ii!«3S3] MESicoraumfiifeitxiaj^fliti. t 

1 N, T i , W, WN, P t , I r , RuCO^St L< 
i: Sfc-t^. W*Ja 1 ifcl± 2 fc:iee<Oi|i^fli®S. 

Ji±t:»«$n:ti^J8±{;, zrOj . HfOj , 

(Zr, , Hf ) O2 (0<x<l), (Zr, , 
Til-, )02 (0<y<l), (Hfj . Tii-j ) 

02 (0<z<l > 2fe4V^I± (Ztk , Til . H 

f. ) O2 ( 0<k. 1 , m<\-h>r>\s. + 1 +m= 1 ) 
<r/}^^j: < i: 1 1 -:>1}>(:,M\tfihMm^^a3mmt Ltz 

a. 
mm.. 

1 N, Ti , W, WN. Pt , I r, Ru<^)^tL< 

mw.. 

Sr#ai:-r2.if^7tca«<0^«cSia. 

IW*^ 1 0 ] B^flBiSUl^^iR«r^>'^';^ h 

[fi^^ai 1] lESLhlC^KSr^LTZrOj . Hf 

02 . (Zr, , Hfi-, ) O2 (0<x<l) . (Z 



r, .Ti,., )02 (0<y<l). (Hf, .Ti 
1-, ) O2 (0<z<l) J>2,V^{4 (Zrh , Til . 
Hf, )02 (0<k. 1 . m<l*>Ok+ 1 +m = 

1 ) <ryy^j:<bi>i^i}^hmiiixhnn^mmimsskt 
mm. 

ie^c7)i^-^ir*^:^i: wm^zmm,^ixxii 0 . fifes 
fim\izw^^ixx\^h:ibiwsLb'ri>m^^i\t.ti 

TiN. Ti. TaN, Ta. W. WN. Pt. Ir. 

Ru<7)+*>^S{fixSii'^'5:< fct> lo*»^>^rSC:i:5^ 

sit-rsif^i 1-1 3<r>\,^-rixi}>^zw&<r>^wm 
a« 

^a<oiSit:frSfci5v%T. mmm.<7rfumMim^ 

iriBTgi5«ffi-htcMl'JlJi£^^tcJ:0ZrO2 , H 
f 02 . (Zr, . Hfi., ) O2 (0<x<l ) , 
(Zr, . Til-, ) O2 (0<y<l) , (Hf, . 
Til-, )02 (0<z<l ) JbSV^Ji (Zrk . Ti 
1 , Hf „ ) 02 (0<k. 1 . m<l*>Ok+ 1 +m 

= 1 ) <7)^-=5r< 1 1 1 -ot^hmiti^mmt^h^h^m 
immm^L. mmmm^cnmm^i.zm.'f-m^^: 
mzxi,m^iMm:x±.xm!imi^oz t srmstt-rs 
^#^a<^sQt^. 

wmw.<r>mmiim>.zti\^x. mdMm.<7)Tmws:mwL 

ffi2Ta5ti«Lhtcm^««ft&t=J:')Zr02 . H 

f O2. (Zr, . Hf ) O2 (0<x<l ) . 
(Zry . Til-, ) Oz (0<y<l). (Hf, , 
Til-, )02 (0<z<l ) fcSV^Ji (Zrh . Ti 
1. Hf„)02 (0<k, 1 , m<l*>-:3k+ 1 +m 
= 1 ) <0ii'-=5r< th\ ':>t^i^m\,i1xh^mi}^t=^^^m 

immm^ t , $ 4> t,zmdMm.^m±.iiz±Mwm: 
lif^Jai 7] B«3S4~1 ocr>\^-ttiMztm(r>s^ 

mm.<nm^-)jm^zii v %t . mmmcoT^nmim^ 

l!filBTa5««LhtcM^«Bg«&fcJ:0ZrO2 . H 
f02, (Zr, , Hf,., ) Oj (0<x<l) . 
(Zr, . Ti,., ) O2 (0<y<l), (Hf, . 
Til-, )02 (0<z<l ) S>SV^<4 (Z rk , Ti 
1, Hf„)02 (0<k. 1 , m<lA>-Pk+ l+m 

= 1 ) ffyJf^^K thi o*>/i>S{m«.wm>^>fiKSS« 

^mm^L. miMwmmcmwLmzm.'i-m^^ 
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[fS^^l 8] 1**314-1 o<ov->-fti*H=ieMco^ 

f Oj, (Zr, , Hf ) O2 (0<x<l ) . 
(Zr, . Til-, ) O2 (0<y<l). (Hf, , 
Til., )02 (0<z<l ) *>.6V^{i (Ztk , Ti 
1, Hf„ ) O2 (0<k, 1 , m<l**Ok+ 1 +m 

= 1 ) coi!'-^:< t i-:>i!)^(=mmmfAt^^^tmm. 

TSCmffi. ZrOz . HfOj . (Zr, . Hf,.. ) 
O2 (0<x<l), (Zr, . Tij., ) O2 (0< 
y<l), (Hf, .Til., )02 (0<z<l)S> 
SliJi (Zrk , Til . Hf. ) O2 (0<k. 1, 
m< 1 36*Ok+ I +in= 1 ) cOiP-^:< i: t lo*>/t,S»J 

rt-c^i^u-cm-rsvit^r^t-r&a^^i 6-1 

u yy-mi.<^^&.^m^v. u v^^-i^gptai^ 

i~i4<^v%-rti.*HciB«o^#* 

t. MIETaimfiLJitciS^^fig^&t^JrOZrOj , H 
fOij , (Zr. . Hfi.. ) O2 (0<x<l) , 
(Zr, , Til-, ) O2 (0<y<l). (Hf, , 
Ti,., )02 (0<z<l ) ibSV^ji (Zrk . Ti 
1 , Hf. ) O2 (0<k, 1 , m<l*»Ok+ 1 +m 
= 1 ) <7)^-^< 1 1 loA>^>^(ftT.|.W^*>^>Jifc|,$» 

^MSrj^^u. $ h^mmmmmi-iizusmm^ 

[00 0 1] 

^i>¥mi*mstixif-^<7)wm)jmizmr?> . 

[0002] 



msjmsBttLx-^mm^(r)Ta.i 05 *«fiirf$ix 

jgji!tu^< mtit. v^i5k9>i>HSG^ji) . 

mifiocoi)<-m.mx'$>^. cKJo^feSv-unyasoj^ 
{Rt{±7 0 o~9 0 ox:mm.(oii5^<7)y\3Azx$mt/^'jei' 

[000 3] H— ^-yrtlOi^'-yi^gPfc^^^rUSP 

hyyi^x:^cr>miStit(r>fzib. y-h«®i3 iixy-x 
[0004] L*»L, cov-'jHf-^ HJiJi, fmmiti: 

0 . 1 5 ju mmf^Tii**; 6 0 0 mi)^±mX'h h o 
[000 5] Lfztt^-oX. Oi^'y :?'li«DRAMCO;^^: 

^iy^)nym^miidt^hb. ^i^^zy'J^ymcrtm 
mz\mU<r)Vn'^X^1)^'S^X'h 0 , ai^'-y ^SBc^) 

L*pi:V^oraa*<*S3t4^. y-b:RO. 15MmUl 
e#^rV^5 0 0X:OT<O«ja?gjR3!i*iiri|55r^Rt L<{i 

±m<^mm. mimi>z\i.Tin. wfcsv-»(±Ru«p(^ 

[ 0 0 0 6 ] iXtc, TSIIMitc^at. L <<i^«cOM^b 

^^j'^i^9<7m^-)jmi.z'o\,\xmm-h . 

[0007] TIN. W3bSV%{iRu^*»^>^STSS« 

ic. »cvDffitcj:t)Ta2 05 ^mmwk^m^L. 

mz. Ta2 O5 =^fA'y-«i^:J'<^U-i?«gi[Sr«j^Sa 
e<rC. 5 0 CCljUiTRTO (Rap i d Therm 
al Ox i dat i on) ^il.V^JiUV-Og S^-fb^ 
t-tfO;KXhT--/l^Srfi=o. ^:<7)f^, mUi. T i N*» 
^.^S ±gB«fiiS: C V D S«) ^{i P V D j£:3r iftc i 0 
J^BltU. H)fM^?^fcJnX-rSitfc:J:"9. Taj O5 

m^^mi!mk\izm\^tiM i M«js<ogBs=^^'^'«i^:?$- 
#1.. 

[ 0 0 0 8 1 0 1 9«. §*(6i»MKTa2 Os S-ffi 

ms ( vp ) t y-i?«s£i:<oBa^s:^-riiT'&i.. la 

19t:'<±, 2 5'Cfc. 8 5*C, 1 2 5'C<Oi:§<OU-^' 

T'* 8 5 x:nm:XhX'<r> u - L < misti> 
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[ 0 0 0 9 ] tJt . L S I ^ -y rX'ti. L S I <7)ffitg<7) 

C 0 0 1 0 ] fi!*<o-f yri; y:?'ayx:^S:ia2 0 
. m^iim 2 0 tc^t- i d tc, r u > 9 1 
tcuji L s I ^ >y r 9 2 co^iaicaa-b 7 s •/ 

r2>'xy-9-9 3$:^S:fflgEML. iril -/T^yyV^yr 

y^t Lxim^-^i>^mi>^-^izm\^^^tix\^t, 

OMHzgig-C-fcO, LS I*>'|gtWMHz~SS:GHzA. 

[00 1 1 1 02 C:<0^^jS^-r*;ta6lc*^ 
m^^rJ-<i^^i:m^L. :ty^ yy"f/> yTVyy^y 

fy^bLxm\'^x\>^t. 

[ 0 0 1 2 ] H2 1 iz^-tx 0 ^^m.<DW!i& 
{^m.) 94, 1^ {mmm) 9 5<7>m±.\,zcvT)m 
i,zx'orumm^/ummm/±Mmwmm!Kmi 
mm!m^izwLi,xTmmk9e. ^mmm9 

7. ±g?««i9 8*»^>^rSff)K=^-v^NV:5'S-mL, Z 
<^fSi^'Y^^i^^ ^fij '/TV y^^ay^y'>)-9 9ti, 

xwtm^^x\.^h. Ta{mfii9 6tjj:i/±gpmfli9 8te 

(4T i N*^'ffl^,^^>n. ^»^M9 7{Z{iTa2 O5 

*^<.^-&«^SilS9 7<0J»jiK^fcUV-O3 r^-;l^ 
(500X:) *tfo. 

[0013] ^{♦:^a«Ol2i^iO±«tC«pm^M=¥-r 
^•ii^9^:m&L, fA'vT^Jy'^'ay^y^bLXm^'' 

?>^izii. :fy^'yTX'iSb?>zt. mx/^^mm^^ 

[00 14] 

[^BB*>')^U J: 0 t-rs^S] ±^c7) i 0 {CT i N , 
WS)SV^{iRu^^TgP«iStc:fflvv Taj O5 
^li^^fflV^;tfi£5fe<7)g^K^-S'>'^•^':7•C'{i, Taz Oj 

«,^«>. Ta2 O5 eS-»K'fkUTt>lS^**<#ii>iX^: 

[ 0 0 1 5 ] iTt. :ittxhT--Mzx i,m<ti,iTS&m 

[0 0 16] 02 l(::S^-rJ:dtc;. ^^2 5'CX' 
tiraSo^rVMj-^msSii-C'&oTt. 8 5X:. 125 



^ x^nm :^mimm^x+-i^^^&mEimmx' 
[ 0 0 1 7 1 ^fe, *^f*^s<^e±«ii^<^±«fc^ 

i»«^M^^''N'v'^'SrJg^U, fA-yyvy^f^ay^y 

yxt^-o^^Acrmmzmm ur v ^ s 

[0018] ±lS?Sl^=^fA'^^•v'^'<7)^Mi^lKt LT. 
PVDtSibSV^tlCVD^tiSTaz O5 , SrTi 
O3 . (Ba. Sr) TiOg ^tl^^^ilX^'^t . L 
mk<r>PVi>hi>\^\icyiHizi.hm^^ 

«6{cBgigiajK^4 0 o'ciyji<offiiafc-rai£js*^j>s. 
v-'^%^mf<r>fz^{,zA 5 ox:JjUi'C'<?)B?^bl? 

^3df■v>'^°v•^Sr®«t-•?>Jl^^:4 0 0-Ci.XhcOiSiSl~-r 

^ST'ti, L s I <7)^mitlzMmLti:k^mi)>'om-( y 
^ yx(0:^y^y Tirf) y ri> yfyf^m. 

[0019] *56BgoSW{±, lil-^-yrtcnv' y ^gp 
i: ^ ^: U 25 S: i. ^ft^M-e ^- h «ffit3 J; y 

[0020]$ ^>tC. *%B3cOffec73gfttj{i, iS^*^ 

m-nzkizhh, 

[002 1 1 

iwm^i»m-rhi:iibcr>^m *w>mi. zro^ , h 

fOj , (Zr, , Hfi-, ) 02 (0<x<l). 
(Zry , Tii-y ) O2 (0<y<l), (Hf, . 
Tii.j)02 (0<z<l ) J>SV%Ji (Z rk , T i 

1 , Hf. ) O2 (0<k, 1 , m<lA»Ok+ 1 +m 
= 1 ) <0i!'^^< b 1 1 o*»/i>)l{f iiSW^Sr^S^lK 
i: LJtM IMdWetal-Insulator-Me 
t a 1 ) «5§<7)^»Sr^SC:i:?:«fai:-rS. 

[0022] tfz. y-hmmmx/v-:^ 

fzh'^yi^x:$^i:^-t^^ims.x$>'ox , miv- 
xy\iu>f yimim±izmm,^iitzim!Sinz. zro 

2 , Hf O2 , (Zr, , Hfi., ) O2 (0<x< 
1). (Z . Til-, ) O2 (0<y<l). (H 
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f, .Til., )02 (0<z<l ) fcSV^Jl (Z 

. Til . Hf„ ) O2 (0<k, 1 . m<l*»-o 
k+ 1 +m= 1 ) <0ij.-;3r< fc t, lo*>^>S{^iiS«^$r 

[ 0 0 2 3 ] i^i. *%HB{i. EMLhtCitelijSSr:^- LT 
ZrOj , HfOj , (Zr, . Hf,., ) Oj (0< 

x<l). (Zr, , Tii.y ) O2 (0<y<l), 
(Hf J , Tii-j ) O2 ( 0<z<l ) (Z 
Tk . Til , Hf. ) O2 (0<k, 1 . m<l*>0 

k+ 1 +m= 1 ) (ryjf^K k 1 

[ 0 0 2 4 1 i-^:, *5I^{±, W*<OTiaJ«fiSSrJSJS 

BJSTgCSfliilcM^^a^iR&l^iiOZrOj . H 
f O2 . (Zr. , Hf ) O2 (0<x<l ) , 

(Zr,. Tii-y ) O2 (0<y<l). (Hf^. 
Tii-i ) O2 ( 0<z<l ) ft^V^ti (Z r^ . Ti 
1 . Hf, ) O2 (0<k. 1 , m<lA>-ok+ 1 +m 
= 1 ) <7yjf^< b t io*»/bM{fitS*f«*-^>«S«» 

[ 0 0 2 5 1 tfc, ?SA<^TSfmm^m& 

L, mfieTg|5«li±(cJl^=^S^:fiSl;J:0ZrO2 , H 
f O2 . (Zr, , Hfi., ) O2 (0<x<l ) . 
(Zr,, Ti,.y ) O2 (0<y<l) . (Hf, . 
Til-, )02 (0<z<l ) (Zrk . Ti 

i.Hf, )02 (0<k, 1, m<l*»Ok+ 1 +m 
= 1 ) ffyj^^j:< b i^l-yii^tyMimiMmii-^^tmm. 

9mi:no^bi:^b^i. 

t!fie§S<OTI?««iS:Je«L. |iFieTgl5«fiiJt{cM 
^mS^lCiOZrOz , HfOj . (Zr. , Hf 
1-, ) O2 (0<x<l) . (Zr, , Tii-y ) O2 
(0<y<l). (Hf. . Til-, ) 02 (0<z< 
1) (ZrK , Til . Hf„ ) O2 (0< 

k. 1 , m<l*»-^k+ 1 +m=l ) COii'-tf<i:t> 10 

[0027] 

1 0 0 2 8 1 0 1 ^^B^<om 1 <0|IM<OJg®(c:*»*> 



<?5l^O?^®{i. MIM(Metal-Insulat 

0 r-Me t a 1 ) 18jt<7)5imA'VN->'^SriiiSi|i« 

mm2. iixzr±s^mm3i^t. ±gfm«i3t>j;trr 

TiN, Ti.W. WN, Pt. Ir.R 

1 oco«^*>^>fig 0 . 2 ii. m=Fm^^ ( A 

tomic Layer Deposition:!^ 
ALDfcV^d) a{:J:0?g«titZrO2 . Hf O 

2 . (Zr, , Hfi.. ) O2 (0<x<l). (Zr 
,.Tii-, )02 (0<y<l). (Hf. , Ti 
,.. ) O2 (0<z<l ) *SV^{4 (ZrK . Til . 
Hf, ) O2 (0<k. 1 . m< l*>ok+ 1 +m= 

1 ) (^ii'-^< b t l-:>*>^>S<m.?.*fS*><^«l.. 
[0029]^r*5. (Zr. . Hfj., ) Oj (0<x 

<i ) ii. zrbHf b(rmmii^<om^mTh^. iz 

r, .Til., )02 (0<y< 1 ) {i. Z ri:Ti i: 

<ommiii<^mimx'h 0. (Hf. ,Tii.. )o 

2 ( 0<z< 1 ) (i. H f tT i b<o^i^comtmT 
Si*). (Zrx . Til . Hf„ ) O2 (0<k. 1 . 
m<l*>-:?k+ 1 +m=l ) (i, Z r i:T i J: H f tfO 

[ 0 0 3 0 ] mWmmifiZ r *><i>«S 

-f, T i N, T i . W, WN. P t . I r . RuOgf^J 

i)>miitih:!f^<bi>i-:>(OMmim\>^x. PVD 

[003 1]»:tC, ALDStCiOZrOz »ia*>^>« 

zrOj mmi:msiti>9mi:m!mi-i>yu-m^f) 

[00321 ZrOa SH^^tCJi. Z r JS«i: 

zrci4 im^KmmttnbtxHi ot:m.jsM 

iaS{i2 0 0~4 0 O'Cb-th. 
[00331 *-fs ALD5l®cOf-v:^>''<— rtfcZ rC 

^i^-^xim^Frntsm^^^h. mz. zrc u (o 

tt*&2:<?±L-C^A'W?-<7)«ftCAr^N2 tCf^§a 
S^Stt^XS:/N--i^';!r;^t LX MiXmi<r>^t(^Z 
rC I4 Sr^*-ri). 

[00 34] z<miz^ H2 o&fltj&L-ca« 

±tC«:RU^Zr^*|SgUTV^|.C 1S^H2 O«t»<0O 
HStmm-rS. ^^01^. SfE§lJ4fi!t!iffcL-CHC l*i 
^-rS. mz. H2 Ocr)fitJ&S:f?±UT. Ar^Nj 

RJESH2 ot>±ix^9j^!iuHc 1 im^L. ^^-if 

[003 51 C:<7)f^. ZrCl, Sr t> p-J^ttJ&LT, 
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[0036] dCOidfc:, ZrC I4 ys'-s^', H 

[ 0 0 3 7 J Z r O2 ^lS5:Jg«L;t^{C. T i N , T 
i. W. WN. Pt. I r. RuC0P«4'*»^>a«f*t'S)iJ'- 
^<i: t loc7)1^^S:ffl»,^-C. PVD&, CVDS^Jt 
{±A L DSK J: tj 5~ 5 0 n m(OjmcO±^Wmmi: 
B^L. Fracoj^4^lcjDlfCTg|5m«i3SrJgjic-r&i 

[0 0 38] Z<^J:dizLxm^^tU::mm^-r^^>'^ 

[00 3 9] ifc. zrOj mmm^iALDmx'ifo 

[0 04 0] 03»i, ^«e^fc:Zr02 $-fflVV ± 
^<r)ttffiS®E ( Vp ) t U -^^^t<O|III^5r^-r0 

x3>t.m2nz^LtzmmmmizTaL2 05 srsi^ 

'J'-LX\^?>Zti!)^m^i,. 

[ 0 0 4 1 ] ^tj. ±MLf.imm<^mmxii, ALom 

^JS5:Hf02 , (Zr, . Hfi-, ) O2 (0<x< 
1). (Zr, . Til-, ) O2 (0<y<l). (H 
.Til., )02 (0<z<l ) fcSl^ti (Z 
, Til , Hf„ ) Oj (0<k. 1 , m<l*-0 
k + 1 +m= 1 ) <OiJ'-^:< 1 1> 1 o*»f>SJmS««i: 

[004 2] Hf02 SrSfilgiMilKt-rSJ^t^ti. H 

[0043] (Zr. . Hf,., ) 

^^h^^Ui^ ZrM«t*ZrCl4 HfM« 

[0 0 44] (Zr, . Ti,., ) O2 ^r^if^Hi: 

-r^m-^iZti, ZrracZrCU SrfflV^, TiM« 

[0045] (Hf, . Til., ) 02 ^^smmt 

-t^m-^iZti. HfJS^tCHf C I4 SrfflV^. TiSW 
{CTiCl, SrfflV^, it^^lCHj OS^fflV^S. 

[00 4 6] (ztk . Til . Hf, ) 02 ^mm& 



iM^t=TiCl4 iSrffll,\ HfM^tCHfCU ^ffl 
1 0 0 4 7 ] iJjtC. *f|BB«m2 <0||MoJ^®tc:ov^T 

10 0 4 81 m2<7)mm<^mmii. ALostciom 

LJtZrOa . Hf O2 , (Zr,. Hfi., ) O 
2 (0<x<l). (Zr, , T ii.y ) Oj (0<y 
<1 ) . (Hf, . T i,., ) O2 (0<z<l ) 
l^ti (Zr^ . Til . Hf, ) O2 (0<k. 1 , m 
< 1 **Ok + 1 +m= 1 ) <fyjf^< 1 1, 1 0*»^>jajffL 

izis^^x. ^mm9^<ommizT~-ju9minoh 
. 10 049] mi comm<7)mmi<zgh?>zr02 , Hfo 

2 . (Zr, . Hf 1., ) O2 (0<x<l ) , (Zr 
, . Tii-y ) O2 (0<y<l ) . (Hf, . Ti 
1-, ) O2 (0<z<l ) ibSV^ti (ZrK . Til . 
Hf„ ) O2 ( 0<k, 1 . m< l*>-Ok+ H-m = 

1 ) coij'-^< t i> 1 -:>i:)>^miiit^mmi^mmtmt 

m^^^-ommSX'h *) , D RAM^r;^cO^A'>'^°>'^'^^+ 

^{cmmT^iifi. mmmmi:misntLx\^'yt:t^ 

[ 0 0 5 0 1 04(4. 5Stfi«S»ISfc:Z r ©2 ± 

a5«SStTgP«SlCTiN5rfflV%f.:i;#^Ot„ (SiO 

[0051] ^fijiz r 02 w^mm-mkX'ii. jsstt 
<0®v>zrO2 #ffia*iffttL. cLcomimmmmmi: 
Lxmmti>tziib. mmtLxi>issmmm<nf^^^ 

if>Xhh. -Ij. !;-:?'«8H4»lSfl:tcJ:0tiJnt-CL 
to. 

[0052] ztuzjdL^ ^wmm2<7imm<r)mmx: 
m 1 comm<7)mmizx Kfm^ trmm^^-^'^i^i' , 

•^^i3*>ALDatCJ:0^L?tZrO2 jSK^Sftffi 
igKfc-rSMIMflBt«^ffi=¥^>'-«i':J't:*5V^T. Zr 
jS)K<0^^tc3 0 0-7 0 0-CT-r--;H!!®S- 

[005 3] ±^tJt<J:afc. :^Jl««LhlCALDa-C' 
Z r O2 ®2r?g«L>t/i(tftjD RAM-b;K7)=Sr^>'^•>' 

[0054] 2|E»BJ#<?>{i^ :^JSaflLhKALD&T'Z 
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COO 5 5] ^W^^hii. ZCOT'tJUyrX 

[0056] mtli. T i N*>/i,jSSTI5mfiLhC, A 

LD^fciOZrOj Si^iS)K5:2 0 0~4 0 0°CT 

2 *»-:>3oo~7oo'c-cr- 
C 0 0 5 7 ] ^tj . ±ffir^;i^7 r 

[0 0 58] r--;l'5l^^<?>l?HS\<±H*>5:>'^ 

V^^^^'fl:tt#ffl^. f^*>*>N2 . Ar, He, 7*- 

[00 5 9] laSJi. ^»^lKtZr02 SrffiV^, ± 
a5«flii:TI»«ffit=TiN2:fflv^/si:#<ote, (SiO 

[ 0 0 6 0 ] I16<i. ^aifiiiiJlfclZ r 02 S-fflV^. ± 

te, ( s i 02 j^sLHi?) i:ora^^^-tii-c*s, m 

TT--;U*!ia&ff-7/^^i^i:. mmcO^X'T--/}^!!!!- 



[0061] Ji^cOi d IC, m2 

[ 0 0 6 2 ] ^r*3, Ji^Lfc^«e<^?^®-e{±, S!SMiiS 
J^SrZrOj btfctiK ^mmmiHfOi . (Zr 
, . Hf,., ) O2 (0<x<l ) . (Zr, , Ti 
i-y ) O2 (0<y<l) , (Hf, . Ti,.^ ) O2 

(0<z<l ) abSV^ti (Ztk . Til , Hf. ) O 
2 (0<k. 1 . m<l**-3k+ 1 +m=l ) <OiJ'-^:< 

[006 3] -y-hmmtsxr/v-x/'vi'-f > 

i!tM!immmi}^mL^^mizi. K)z^o^-i vit^titz h ^ 
yi^x^i^-r^^immzm2crmmcr>mmizmh 

LD&tciSZrOj mm^iSJ&]2L±.X\ *^oaM^^ 

«(cj:o>-u-9--f V'it^ixfzmE.y-hmmtixr/v- 
XX ymmmmx-mmj^-itmiyv^^ 

y- h«o . 1 5 )u mmittoy'^u xTii. wtM^mt 

meoo'cvh^. ci^oj^. T~-/i^mi. ald 

^{c i S Z r O2 SJ^fSiaSJiLhT. **o6 0 O'CiiiT 

[0064] ijcfc. ^%m^m3<n^<^mmiz-r>\.\x 

[0065] ||3cO||Mi^J^®«i, DRAM. ±ti\,im 

^DRAM<0:^^-y^SM IM(Metal-Insu 
1 at o r-Me t a 1 ) ^M^^tCfcV^T, ALD^I 

i:$-fflv>TALD&fcj:OTaJS«i. ^msmwk. ±si5 

[0066] ^-r, is£3ft<^DRAM, Oi^'y :;'?g^D R 

AMOX^' •y^'MM I M^4S^eoS53t:^rj£tc-PV^-CiK 

1 3 5:^-^2. . mz , gfiPSB^ 1^ i^'X M 4 X'^ 

«^±<?5^S*<JD;?OC-y^>'\'.y^'i:t{iCMP (C 
hemical Mechanical Polish 
i ng) ^j:i£X'^L. #^4S^ ^^JS^S , <^:{C. 

ii8tc*-rj:dt;. ^mmmi 5, issmeii 6 5rje 

fi^L. (^Sri^-b) <0^N-:?-ny:5<$: 
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[00671 :i<r>m^<r>x^ -y ^^mu i M^mm'j'iom 

X. TSSmSiSr^U j^U^^t-mLTV^SMI S (M 
etal — Insulator — Si 1 icon) §J| 

mii?-T i Nm(o;<^ji^x'm&-t^M i mmiaco^mco 

*^(C<iB!*M(SPM (Su 1 f ur i c acid 
-Peroxide Mixture; loSK-jSK-fb* 

m^m^mm mm) izx^ui^xhm^ti^mTh 

7.v<r>mmk'o-^^\izw^-is-hzttmmx'thh. 
[0068] ±tz. i mMmMF{-<n 

[0069] ztuzMLx. ^^mcomsco^comm 

Ti±. iaSffifcitTFSBSffi**. T i N. T i . W, 

WN. Pt. Ir, RucO^«t,L<«±#SS-a:!B)t*'*> 

*«, Zr02 , Hf Oj . (Zr, . Hfi., ) O 
2 (0<x<l) . (Zr, , Tii-y ) Oj (0<y 
<1) . (Hf, .Til., ) Oi (0<z<l) 
V^Ji (Zrfc , Til . Hf, )02 (0<k, 1, m 
<l*»-:>k+i+m=i) <o^J^^< tiil ^ipe>miiHx 

h^mt^h^^M I Mm&<^mmzis\-^x . Tumm ■ 

J: *)m-^mmzx^^iif3i>zmfii-ti,. z.tiizx o . t 
^mmb^mmfm<^'m^i:mnz^-:>z kifiTt 

[00 7 0] mz^ m3(r^<oms^^z^^DRAM^ 
xmmizmm-ti>. zzx-a. x-s^v7m.m&m'f<r)o 
^\,z-^\.^xmm-h. 

[007 1] dl-r. 09 (a) tCS^-tidtC, mL21 
±lc, «^^«l^lS2 2S:?^figt. S^L^rv^^'-h^ 
^M^:n-LTy-h«®2 3 5rJ^BgL/c^. 1<7) 

mmmmzv-x/ h p-t ymm 2 4 ^m^-th. 

^eoy-h«Sg2 3JiDRAM<7)V-KtaSr««-r'l)t> 
OT*i>. iJCl:, y-hmii2 3tC-9-'f H'^*-;P2 5 
^m^Ltzm. y-hSfli2 3±t3±t/V-X/F^'f 



:^J£l«i24$-Co O^NVPh) i;t«iNi (-.y^ 
[0072] 09 (b) tc^-ridfc. C:<0h7 

yi^'^^'±tcy-b±eiaiS2 6s-jgjftL, j^v^-c. y 

(c) y~h±Mmm2 6iz. vvy^ 

y -f eilfiS:fflv>T y-x/ H i^-f yifitfcJi 2 4 

-Ir/W^y:?:? h hgf ) 2 7. ^r;^3y:? 

(h'-y hni^tJ':? hgS) 28S:mL. fflPrt^W 

[007 3] iJct, 09 (d) iZTprrXotZ. 
fmWk2emilf^)V3y-f"?h21 , 2 8±fcb'/h 
Sl2 9SrJ^^L, -b;l'3>:J'^'h2 8rtcowr7J?'i:b' 
•yh«l2 9Sr««rt&. <>:tc. 010(e) fc^io 
tC. b' y b«2 9±lCb'-/ h^±S0)K3 0 SrJg^L, 
i^V^r. b'-y hSLh®SlS3 Q<nAM^^mtti>. 

[0074] iJCtC. 010 (f ) tC^idtC, b'«yh 

m±Mmk3oi.z. uv^yy ^tmim^^x-i^/uay 
^'i'h2nzmthmM.riyi'i'h3iimaL. mn 

1(g) t^-Tidtc. b->yMR±JilBI183 0i3J:i/f« 

»r7 h 3 1 itcv- 1) >':r-«S^3 2 SrJg^-f 

i.. 01 1 (h) izirctxoiz^ i^'}yy-mfSi 
lS3 2t:. ^JVS^^y sm^tim^^X^may^-^h^ 
1 (w^S V 'J V:?'- 3 3 $-gBP-r s . 

[007 5] iXtC. 01 2 { i ) fcr^-TiotC, ALD 
5IS«:fflV^T. TiN*»<i>^rSTSI5mfiS34. ZrOj 
*»<b^rS^*^IS3 5. Ti N36>/i>^S±gS«fii3 6 
a S: |n|-5l«rt-C:^rafiirr S i: < , j4^-C?g«-t 
S. 

[007 6] 01 5«, ALD^aSrfflV^TTSSmffiS 

4. ±SI5«li3 6afc55r^TiNia^»jj!t-t*i:#<^ 

[ 0 0 7 7 ] T i NWk(rm^\,ZM^ Wm:ffX i: LTT i 
CI4 i:NH3 SrfflV%-&. «Bta;K«±3 0 0 — 5 0 0*0 

[0078]*-r, AL Di|g<Of-V y^<-P^\,ZT i C 

-mmks 2c7)^Bcciis^S7t'ttKis*<Sis. »: 

tC. TiC U <0«*&SrffjtLT^A'>>''?-<7)4'tC>'^- 
i'';y;^£-AtvT3a*J<^5|5^T i c u ^^-th . 
[0 079] C:c7)f*(=, NH3 &ttl&L, a«LhlC«:^ 
L/>:Ti^:^^®U•CV^SCi^S:NH^ «i:a^^^. 

NH3 c7)tt*&Sr#±t. Ar*>^^,^(±N2 ^rt'co^FvStt 

[00801 ClcOf*. T i C 1 4 i l>T i 

ft. TiC I4 >'^-i^';yx^A^^ct&*R^ETi 
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[0081] Z<r>J:d(,Z^ T i C 1 4 vn'-v-', N 

^-S.Ta5«S3 4 

[0 0 82] 'AiZ^ m2l,Z7F.-riol,Z^ HKOHSfiOJ^ 
®tCtJttSZr02 »Jgic7)JgB!ci:|SItj:3fc:, ZrCl 

[008 31 §<i>(C. TgBmfli3 4<DJgfi£i:|3|tJ:3 

{c. Hstc^-TT i c 1 4 i: NH3 <Dmti&ii5m.izm*) 

M-t^m^ffr>X. 5— 5 0nmc?D]SJ»<OTiN*»^>!6r 
&±ll5««i3 6 a ^mm-h . 
100 841 ifiriJ. 01 2 ( i ) TJi. ±gB®BS3 6a 
±tc:$^{CW (rJ'yT'^xi') *-'^^i.±gP«fii3 6b 
Sr}^{RLT±gB««i^T i N i:W<02«t' JB^LTV^ 

[0085] T«Bmii3 4(CtWi.SC:i:T-$> 

0, TI»mfii34O^-C£ALD^-CJI^^-t'5.c0-C-«i^ 

[0086] TgPflSiS 4t3j:l/±gP««i3 6 a(i, § 
»Se^)S3 5 i:O.Sfiagi5^y::tti£rALD&tcJ: Kim^-t 

tn£+-i^x'h?>tiisb. Al.Dm^zx*)mm■^^T^m, 

^M3 5 i:<?)#Ea5^i-7t'(t5rALD^(Cj: ^Ci'-^K t 
i)lM^^JgJ3LtJglSt. ^O^CVD^. X^s-./^ft$: 
fflV^-CmUt. :^fiOK]?S:5~5 0nmtL-Ct>^ 

[00871 iRfc, 01 2 ( j ) fc^idtC. CM 

y^j:}i<^-nm^m^^xT^mM3A , ^«te8iiS3 5 , 

IMmM 36*»^>=5:*S^U>' 3 7 5r 
^m-h, iSi^T. 013 (k) fc^idfc. iism 
S3 6 trafmSS 4 i; $^i«-«rr«.i^:i6<0*^M3 8S: 

[00881 <}i:tc. 013 ( 1 ) K^-riotC. i^^M 
3 8$:±gP€fii3 6±<5DA^n-t'5.. i<50^, ^□gP3 
9*iTgS«ffi3 4(cSa!!l!L^rv^J:3tc-ri.. ^V%T. 0 
1 4 ( m ) {cSrr J: 3 fc, ^^511^4 0 Sr?^«LT±a5 
«S3 6$ri^affiSl4 0T'««!-r^. $<i>lC. 014 
( n ) tc^-TJ: 3 tc, ^mW^A 0±tciira^M4 1 
L . Jira^M4 1 item 1 S S Oi^T'S) 1. 1 



;<:J';W4 2Srm-rS. 

[0089] CliOl^S C7)||]^c7)}g!^-C<i. M^^Jil^'Ol' 

xm<r)m^<nmmt^mz'h^Ai.i>mm.im^xTW' 
^-rs;^^i6, Twmmscm^\^'j^vmm^^z^\:. 

iz^'^^bifiX-^i>fzii>. §»ffi£7)®Ti:^»)^'J-:7 

<oiiiD*«ii»|-r s i: *«r # s . 

[ 0 0 9 0 1 ^:i>. MI Mfi|Jt<7)§4^-?5-Jgfi£Lf^f^ 
m2<0SIM<0?gSt:<^S^A'^N-v-:?i:|5l«tCT^- 

mt. ALD&tciszrOj JimiaKm±-c\ 

[00911 ifz. *%Bj{i^ y yy-mmmm'fiz 

[00921016 y]^—i-m.mm.mT<ommmx 
h^.mL5i tzi^^imm5 2imm^tixi5 

*). mm±.5 iizimmLy^^^y-himmir'ffLxy 

m^^it. y-hm^5 3±tzy-h±Mmm5 5im 

[00931 y—h±m^m5 5^Ui\^'-y hziy-S'^ 

Ysetmi^^ii. t''/b=j:^^'^'h5 6±fct'./Mii 

5 7*<jgj«Six. t'>y hai5 7±t;:{ib'.y hlSLh^iasi 
5 8*iJ^«$itTV^.5. 

[00 94 1 t' y h^Ji«|g|R5 8±fc«, ALDilS 

=5r-S.Tgi5«S5 9. ZrOj S*-/i>^l>^*^JS6 
0, JR^3t{i^aS-fkW»^>^S±gB«ffi6 l^JSiO. 
Ta{«fii5 9{i, y-h±JiSK5 4t>J:tXb'.yh«Ui 
Mfm 5 8 ix^^^in >- ^ h 6 2 ^zmW,^ 

^me icotmiizii. Y'^ir-ive ea^m^^tix 

[00951 l.Wmme l ±W±, ±gS«S56 l SrS^ 
■rhm^S3im^^1X. ftili5l86 3±fc*i. ^ 

agas±asiK6 4 $r:fr LT^ 1 jiB^ffisi'Cifes 1 ^ 

:J';P6 5tm^^itX\-^h . 

[00961 01 7ti. .K-y^XS«»«^C7)Br®0f 
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-h««i7 3*ij^^§nTv^S, tfz. Smiitpizli 

m^^tL. y-hmm7 3±izy-h±mmm7 5im 

[0 0 9 71 y-b±Ji0)a7 54'C«b-.7b3i'^'^ 

h7 6f}m^^ix. b'»/h3>':5':?h7 6±t:t.'.y hi^ 
7 7*ijgfig$^t. b'-y higl7 7±K:ttb<y MILha^lg 
78*«m$aTV^S. t>-'-b±eiSIK74*}J: 
tf b y hiai±jl©iei 7 8 ^fcJiSin y^i'ha2im 

[0098] h8 2±t;{i. W {^y^^'X 

f-y) 3&»<5>?5:STa5m«i7 9 a*^jS$<X, TI35«ffi7 
9a*}J:t^b yMiLh«raiK7 8±tC<±, ALD^gS: 

[00991 ±Mnm& 1 b±tc{i. ±gB«®8 1 tT 

35^7 9 b ^^mthtiifxDimma sim^^ti. 

*^JK8 6±lc{i±gP«®8 1 bi&gf!-rSftiigEiK8 
3i}m&^tlX\.^h, i^jlEil8 3±fc{i, ^)lieil± 
SraMS 4 Sr^n-LTIS 1 «B«Offi^T'&S 1 ^ ^';l'8 5 

[01001 mz^ *f6^B<Oll4<0||Ml<^®^^OV^■C 

[0101] ^^(7)m4<r>miM<7)imti. misMLt 

rac7)7';& yrUyj/3>'Ti^1>-i: fr«fig$-a:-6 t^OT 
[ 0 1 0 2 1 a 1 8{4. *f|BB<7)||4<OS&6fiOJg®fc:^ 

h^^mwmmco-mfimmx'h^, m±mmM (««> 

^) 10 1. 1 0 2±lc:{i«SlS 

y-r 1 0 4 1 Lxmm-ri>rmmm 105.^ 
:^»Mi 0 6 , ±gBaflii 0 7mmxm^$tvx\^ 
tfc. T^mrni 0 5 bm±m^(mmi&) 10 

li:{43y^'^'M0 8$::frLTS^:5il.rfc'5. ±38 

mMio7bm±mm^(m^) loztazty^^r 

M 0 9S::rt-LT«M$<xTV^&, 

[ 0 1 0 3 ] iJct , 0 1 8tc:^T;5f v r U i^^^n ^f* 

L ^ o V y T ^ xoftJiSiSIS 1 0 
icoitit. x>'t.y^^i5sv%{4ALDSfc:J:'3Ti 

N, Ti, TaN, Ta, W, WN, Pt, I r . Ru 



[0 1 04 1 TgP««il 0 2^rJg{£tJtfitC, ALDS 

tcj: o«M?aK2 0 0-4 0 ox:x'^mimmi^-t 

S, ZrO, , Hf Oj . (Z 

r, , Hf ) Oj (0<x<l ) , (Z , Ti 
i-y ) Oi (0<y<l ) , (Hf, , Til., ) O2 
(0<z<l ) fcSV^ti (Zrk . Til . Hf, ) O 

2(0<k, 1 , m<l*^-:>k+ 1 +m= 1 ) cO^-^< 

t2oiJUi<0««*»/i,^S««M-CftS. mz. ^mi& 

mii:mm<mvnziiajiLxmm:imm i o s ^mm- 
[0 1051 ^mt. xj^^'y5'mSih\.mA\.Dm^zx 

•jTiN. Ti. TaN, Ta, W. WN, Pt, I 

r , R u *»^>«SSf4»OiJ'-:5r< 1 1 1 oULh(75«1£f**<^ 

±Mm 10 4 S^^?gjS-rs C: i: K J: 0#^f<c5ISrtg|5k: 

"ta -y-ru y^ny^y^t Lxmm-hmfSk^-^f-<i^ 

[01061 :5rt3. 0 1 8T'«. Tgi5«ffiSrS±«iBai 

co-c{4^< , wm^^?^mtxT^mm±MWL 
[ 0 1 0 7 ] 0 1 8r«, x^nm 

(7)iiLiitCx;<? yry:^^ri>T^y^i: tT«l«g-r.5^]W 

^-^■>^i^-^^m^Ltzifi. m.±Mwm±.izmhi:y<r)X'\i 

[0108] ±j*L3t i 0 tc, i £7)114 <:05lifi<?)?^®-C ' 

gr^b#H«<o--i^;^ h T~~)v^(r>mm:^-ti> a l d 

^ii&.Ti:m^m:i^^iz^m^m.(nnmznm 
^^^^i^^^m^x'^h. 

[0 109] :L<7mWk^^f^i^i^^'fiti '/r^}yi^-ny 

'fy^bLxmm^^^^t\,zi:'o. m^<7i:^y^'y-r 
^i] yru yc^^y^y^(rmm%:WdKth 1 1 ttc 
:fyi"yT'f:^ ^yvv yi^ayfy^mi^X'hi>^-{ 
yy^f 9 yx ■ ±^m^^x^ h . 

[01101 

mm!mm^^^^'yi^\.zi5\Yr:. ^smmtizzr 

O2 . Hf O2 . (Zr, . Hf ) O2 (0<x< 
1). (Z rj, . Ti,., ) O2 (0<y<l), (H 
f, .Til-, )02 (0<z<l ) JbSV^fi (Z 
rn , Til . Hf. ) O2 (0<k. 1 , m<l*>o 
k+ I+m = 1 ) <Oii'-^< 1 1 1 -Oij^h^hmA^m^.^ 
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[ 0 1 1 1 ] *3t. *5iHj{i. M I Mmmcomm^^^'i 

v'^'tCtJV^-r, ZrOz . HfOj. (Zr, , Hf 

) O2 (0<x<l) . (Zr, . Til-, ) O2 
(0<y<l) , (Hf, , Ti,-, ) (0<z< 
1) &SV^(i (Zrh . Til, Hf. ) O2 (0< 
k. 1 , m<l*»-:>k+ 1 +m= 1 ) <7)^j'^^r<fc t !-:> 

[0 112] *Jt. ^^mii. DRAMtfcliX3i^'y^f 

;<tUgpt-if^$ii.|.DRAM-b;Pc7)?gSi: LT+ 

[0 113] $^>tc. ^^mi. Zr02 . Hf O2 . 

(Zr, , Hf,-x ) O2 (0<x<l), (Zr, , 
Til., )02 (0<y<l). (Hf, , Ti,., ) 
Oi (0<z<l ) (ZrK . Til . H 

f . ) O2 (0<k, 1 , m<l*»Ok+ H-m= 1 ) 

^^i^:? ^^^m.<^m.±.WM±.{zmm-h c: i: i 
[01 ] :^wM<r>mi(omm<mmizi)-t-^mm^-c/-^ 

[03] ^IS=»f-v>''?x:5'<omffiiamE (Vp) tU-:? 

[04] t„ (si02 m-m-) kmrnrntcom^i: 
[05] t„ (s iOj mnrnm) tmjismt<mmt: 

[06] U-:?«»£kt., (Si02 t<r>m 
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